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The experiment was designed t o  study the problem of whether infury 
t o  the otol i thic  organs might occur during high acceleration on l i f t o f f  
and deceleration on re-entry from space f l ight .  
used because of the experience with these animals i n  space flight snd becauae 
the results in primates may, with caution, be extrapolated t o  man. 

Squirrel monkeys were 

Eleven squirrel  monkeys were exposed, either to 5.43 or 10.92 G units 
fo r  one t o  ten minutes, i n  different positions in  the human c e n t r i w e  a t  
the U.S. Naval School of Aviation Medicine, Pensacola, Florida. 

Exposures t o  10.92 G uni ts  were tolerated for  periods of m e  minute 
but longer periods of exposure resulted in  ataxia for several minutes or 
hours, followed by recovery. The lower levels  of acceleration were toXWated 
as long as ten minutes, although some of these animals exhibited temporrsap? 
paralyses and ataxia. 

Eight aninas survived the exposure. Half of these were sacrificed 
within f i f teen  minutes and the others 24 hours a f t e r  expasure. 
ears was used fo r  l ight  microscopic study and the other for electron- 
microscopic study. 

?'ne of the 

The bra,ins of' the animals revealed no pathologic changes en gross 
examinat ion. 

Light microscopic studies f s i led  to reveall s t r u c t u r d  chW4ps i n  the 
vestihular sensory epithelium which could be ascribed t o  G stress, 

!he celloidin sections for microscopic study were prepared 8t the 
L)t;opathology Lshoratory i n  the Department of btolaryngdlagy at the 
Massachusetts 
Medical School. 

and Ear Infirmary, which is  affiliated w i t h  H a r v a s d  
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Dr. Heinrich H. Spoendlin, Research Fellow i n  the DepartmeEt of 
Otolaryngology a t  the Harvard Medical School fo r  one year from July 1, 1961 
t o  June 30, 1962, and at Yale University School of Medicine f o r  one year from 
July 1, 1962 t o  June 30, 1963, performed the electronmicroscopic studies. 
He m a d e  several t r i p s  from Boston and New Haven t o  Pensacola and was  on hand 
at the time that  the animals were G stressed t o  prepare the ears for  study. 

In general, the sensory ce l l s  of the maculae of the squirrel  monkey 
have the same basic structure as other m a m a l s .  
sensory hairs of animals exposed t o  G stress was not different  from those  
in normal a n i m a l s .  Each sensory ce l l  carr ies  from 60-100 stereoci l ia  and 
1 kinocilium, geometrically arranged. The apical  protoplasmic protrusion 
of the sensory c e l l s  were not as large and abundant i n  the squirrel  monkey 
as has been reported for guinea pigs but it is doubtful tha t  this i s  of 
any special significance. Cytoplasm of the sensory cells i s  r ich  i n  Golgi 
membrane, small vesicles, vesicular bodies, and ribosomes. Numerous black 
inclusions in the sensory and supporting ce l l s  have the s t ructural  charac- 
t e r i s t i c s  of lysosomes. 
i n  the cytoplasm of the sensory cel ls .  The number of synapses per sensory 
c e l l  and nerve ending was found t o  vary greatly i n  both the norrd- a d  
G-stressed animals. 

The appearance of the  

. 
A variety of accessory synaptic structures were found 

The experiment indicated that gravi toiner t ia l  centrifugal forces of 5.43 

The absence 
and 10.92 G mits f o r  pericd of one t o  ten minutes produced no morphological 
changes i x  tk end organs of the gravi-receptors i n  the  maculae. 
Of any s t ructural  changes i n  the otoli th organs under the conditioils of th i s  
experiment raises two questions: (1) at what leve l  of force w i ~ .  first 
indicaticas of injury appear; and (2) what caused the temporary rtaxia i n  some 
at? the a n L ~ a l s .  

The post-stimulation ataxia cannot be at t r ibuted t o  end o r g a  changes i n  
the o to l i th  organs but might have had i ts  genesis i n  the semicircular culals. 
The close paral le l ism i n  the manifestation of ataxia i n  cen t r i fqp3  knan  and 
a n i m a l  su3jects is  of more than passing interest .  
suggests that the injury,whatever its cause, w a s  quickly reversible and that 
any residv.um was compensated by the redundancy of' nature. 

Disappearance of ataxia 

Whereas the studies of the cochlea fol lar ing intense auditory 
stimulation show increasing numbers of osmophilic inclusions, there was no 
difference ir- the number of osmophilic granules i n  the hair ce l l s  iil" the 
maculae of G-stressed and unstressed monkeys. Because of the l e t h a l  effect, 
it is  not; 7oscible t o  stimulate the gravity receptors t o  the same mgnitude 
as is possible fo r  acoustic receptors. 

It i s  concluded that kxposure t o  gravitational forces greater than 
10.92 G uni t s  is  necessary before physical a l terat ions i n  f ine  stracture of 
the macula can be demonstrated i n  squirrel  monkeys. 
not been rulcd out that the  cl inical  manifestations of ataxia following G 
stress may have had their  genesis i n  the semicircular canals. 
loadings i n  t h i s  experiment are not exceeded i n  orb i ta l  space fligits, 
alteratic-s of the maculae would be ascribable t o  other causes, inclrzding 
the prolonged deafferentation associated with weightlessness. 

The possibi l i ty  has 

If the G 


